Diverse types of marine carbonate reservoirs have been discovered in the Tazhong Uplift, Tarim Basin, and late alteration of such reservoirs is obvious. The marine source rocks of the Cambrian-lower Ordovician and the middleupper Ordovician provided abundant oil and gas for hydrocarbon accumulation. The hydrocarbons filled various reservoirs in multiple stages to form different types of reservoirs from late Caledonian to early Hercynian, from late Hercynian to early Indosininan and from late Yanshanian to Himalayan. All these events greatly complicated hydrocarbon accumulation. An analysis of the discovered carbonate reservoirs in the Tazhong Uplift indicated that the development of a reservoir was controlled by subaerial weathering and freshwater leaching, sedimentation, early diagenesis, and alteration by deep fluids. According to the origin and lateral distribution of reservoir beds, the hydrocarbon accumulation zones in the Tazhong area were identified as: karsted reservoirs, reef/bank reservoirs, dolomite interior reservoirs, and hydrothermal reservoirs. Such carbonate hydrocarbon accumulation zones are distributed mainly in specific areas of the Tazhong uplift, respectively. Because of differences in the mechanism of reservoir formation, the reservoir space, capability, type and distribution of reservoirs are often different in different carbonate hydrocarbon accumulation zones.
INTRODUCTION
The Tazhong Uplift is located in the middle section of the Central Uplift, Tarim Basin in an area of about 22×10 3 km 2 . In the Uplift, the area of Ordovician carbonate anticlines is nearly 9000 km 2 . The oil and gas resources in this area are estimated to be 400~500×10 6 t. The Tazhong Uplift is linked with the Tanggubazi and Manjiaer sags in the south and north, respectively, and is bounded by the Tadong Low Uplift in the southeast by a fracture belt (Fig. 1) . The Tazhong Uplift is a giant stable palaeo-uplift evolved in the Paleozoic craton in the Tarim Basin. It was formed in the Ordovician and developed from Silurian to Devonian. The structural pattern was finalized in the late Devonian, and it further developed steadily after the late Paleozoic (Jia, 2009) . Since 2003, breakthroughs in the exploration of the Ordovician carbonates have been made one after another (Sun, 1999) . Oil and gas shows were discovered successively in the reef/bank body of the upper Ordovician in the areas of well TZ 62 and well TZ 82. Commercial oil flow was found in the lower Ordovician and upper Ordovician in well TZ 162 of the dolomite interior reservoirs, and well TZ 1 and well TZ 16 of the palaeo-weathering crust reservoirs. At present, seven oil-gas fields have been discovered, such as TZ 4, TZ 16 oil-gas fields and so on. Twelve oil-gas bearing structures have been discovered, such as TZ 1, TZ 62 structures and so on. A variety of carbonate traps were developed in the Ordovician. The high part of the Uplift is characterized by the development of anticlines and buried hill palaeoweathering crust traps. On the slope of the Uplift, low relief anticlines and stratigraphic traps were developed. These traps provided excellent conditions for hydrocarbon accumulation. Abundant supply of oil and gas, multiple stages of accumulation and late alteration have resulted in wide distribution of hydrocarbons, which is not controlled by the local structure. Due to the complexity of basin structural evolution, the reservoirs experienced multiple times of alteration, and a variety of reservoirs were developed. The characteristics of development and distribution are different in diverse reservoirs and the capabilities of hydrocarbon accumulation are different too (Jin et al., 2001) . Predicting reservoirs, optimizing well location and stabilizing well output are the major challenges in the exploration of Ordovician carbonates in the Tazhong area. And the key factor for hydrocarbon accumulation is the development of reservoir beds. The same type of carbonate reservoir beds are often developed continuously in the lateral direction to form a variety of hydrocarbon accumulation zones. Four hydrocarbon accumulation zones were identified in the Tazhong area by the authors and the characteristics of hydrocarbon accumulation were studied to provide guidance for further hydrocarbon exploration.
DIVISION AND DISTRIBUTION OF ORDOVICIAN CARBONATES IN TAZHONG UPLIFT
The Ordovician in the Tazhong Uplift includes the upper Ordovician Sangtamu formation O 3s , middle-upper Ordovician Lianglitage formation O 2+3l, and the upper subgroup of the lower Ordovician Qiulitage group. The unconformity between the upper and lower Ordovician has been drilled in a wide area of the Tazhong Uplift. Universal fractures and cavities filled by mud were formed by the karstification of weathering crust, indicating an unconformity inside the Ordovician. High gamma and low electric resistance anomalies are shown on the logging curves. High potassium, low uranium and high thorium in the part of high gamma logging of the lower Ordovician top indicates obvious presence of weathering crust. In the well area with nice quality seismic data, the lower Ordovician top can be calibrated, traced and contrasted. It indicates the clear reflection horizon and wide presence of the weathering crust of the lower Ordovician. The Dawan formation of the lower Ordovician, Guniutan stage and Miaopo stage of the middle Ordovician are missing. The middlelower Ordovician is widely distributed in the whole area, while the upper Ordovician is missing in part of the buried hill (Fig. 2) .
Upper Ordovician Sangtamu formation O 3s
It is also called the middle-upper Ordovician mudstone section. The lithology is mainly gray to black gray mudstone, calcareous mudstone plus thin interbeddings of calcareous silt-packsand, limestone and argillaceous limestone. The sandstone component is mainly igneous rock fragments. The Sangtamu formation can be distinguished from the overlying Silurian limestone and underlying Ordovician limestone. It is in conformable contact with the Lianglitage formation.
The bed thickness is generally 0~600 m, changing greatly due to the late stage uplifting and denudation. The thickness in well TZ 4 is the largest, up to 587 m. But in the buried hill area, such as well TZ 16, well TZ162, well TZ163, and well TZ168, the formation is missing. 
Middle-upper Ordovician Lianglitage formation O 2+3l
The middle-upper Ordovician carbonate in the Tazhong area is characterized by developed muddy band and muddy striation. In the middle-upper Ordovician limestone section, its dark color is due to high shale content, biologic species are abundant, stylolites are well developed, and its dolomite content is low. It can be easily distinguished from the underlying calcareous dolostone of the lower Ordovician. The middle-upper Ordovician is sub-divided into three members:
(1) Muddy-banded limestone member The lithology is mainly gray muddy-banded limestone. In a local area, interbedded limestone and mudstone are found. The muddy bands in pseudo-brecciated or leopard stripe are not continuous, and decrease gradually from top to bottom. The limestone has high bioclasts content and their thickness varies due to denudation, generally about 60 m. There is no oil-gas show in this member.
(2) Grain limestone member The lithology is mainly gray and brownish gray grain limestone with developed bird-eye structure and pinholes. The grain is mainly bioclasts, gritty clasts, and algal sand clasts. There are abundant fossilized organisms. The organisms are in pieces, not well preserved. Oil-gas shows are mostly found in this member. Its thickness is about 50~120 m.
(3) Argillaceous limestone member The lithology is mainly brownish gray and grayish brown micritic limestone, and marlite. Some interbeds are sand clastic limestone, algal clastic limestone. The limestone has high shale content. Muddy striation and horizontal stylolites are developed. Bioclasts and sand clasts are present locally in the limestone. Some typical "pittings" are found on the surface of cores due to uneven muddiness. Its thickness changes greatly due to transgression sedimentation. And source rock is developed in this member.
Lower Ordovician limestone-dolostone transition section
The lithology is mainly light gray, brownish gray silt-sized to fine crystalline limestone, calcarenite, dolomitic limestone and calcareous dolostone, with dolostone interbeddings. The dolostone content increases gradually from top to bottom. Chert is present and algal content is higher in dolostone. Local stratomatolithic structure can be observed. The upper part of the transition section is mainly silt-sized crystalline limestone and dolomitic limestone. The lower part of the transition section is silt-sized crystalline limestone interbedded with clay and silt-sized crystalline dolomite and calcareous dolostone.
Lower Ordovician dolostone section
Well TC 1 is an example of the lower Ordovician dolostone, which is also penetrated in Well TZ 162. The lithology of its upper part is mainly gray, brownish gray silt-sized to fine crystalline algal dolostone, with local cherty dolostone and sandy clastic dolostone. The lithology of its lower part is mainly gray, dark gray silt-sized to fine crystalline algal dolostone, interbedded with medium crystalline dolostone and sandy clastic dolostone. The member is in conformable contact with the underlying Cambrian dolostone.
There are mainly three combinations of reservoir bed and cap rock in the Ordovician. They are mudstone cap rock of the Sangtamu formation and grain limestone reservoir bed of the Lianglitage formation, muddy limestone cap rock of the Lianglitage formation and the upper weathering crust reservoir bed of the lower Ordovician, limestone-dolostone transition section cap rock of the upper part of the lower Ordovician Qiulitage formation and the dolostone reservoir bed of the lower part of the Oiulitage formation. Drilling shows that the first combination is mainly oil reservoirs and the last two combinations are mainly gas reservoirs.
Distribution characteristics
(1) The thickness of the upper Ordovician clastic rock changes greatly by uplifting and denudation from Caledonian to Hercynian. It is 0~600 m thick, thinning from northeast to southwest. In the buried hill area, this clastic rock is missing in well TZ 16, well TZ162, well TZ 163 and well TZ 168.
(2) Because of deposition, uplifting and denudation from Caledonian to Hercynian, the thickness of middle-upper Ordovician limestone also changes significantly, thickening towards the northeast. In the high part of the palaeo-structure, limestone was denuded to different extents. The muddy-banded limestone section was denuded generally. The grain limestone section undulated with the rise and fall of palaeostructure. Drilling indicates a residual thickness of about 0~60 m generally. In the high part, such as well TZ16-13, limestone was denuded entirely. The denudation of the lower muddy limestone section is less significant. It is denuded slightly only near the high point of the TZ 16 structure. This is due to the crushing stress in the north-south direction in the late Caledonian stage, which formed the TZ 16 structure and caused denudation by uplifting.
SOURCE ROCKS AND RESERVOIR BEDS IN CARBONATES
Two sources rocks are the main suppliers for the Palaeozoic carbonate reservoirs in the Tazhong Uplift. One source rock is the Cambrian to lower Ordovician carbonate. The other is the middle-upper Ordovician carbonate. Such lower Palaeozoic source rocks in the Tazhong Uplift and its neighborhood experienced a long history of hydrocarbon expulsion, from Ordovician to Triassic and Jurassic. At the same time, the formation of traps also took place in a relatively long period. These characteristics resulted in multiple stages of hydrocarbon accumulation. Three stages of hydrocarbon accumulation in the Ordovician carbonate reservoirs in the Tazhong Uplift are from late Caledonian to early Hercynian, from late Hercynian to early Indosinian, and from late Yanshanian to Himalayan. The reservoirs formed in the late stage are better preserved. The reservoirs on the slope area are better preserved than those in the uplifted area.
The first stage from late Caledonian to early Hercynian is mainly the formation of dolomite interior reservoirs in the lower Ordovician. It is in the late Ordovician that the dolomite interior anticline trap in the lower Ordovician was formed. The hydrocarbon came from the Cambrian and lower Ordovician carbonate source rocks. As a result of strong denudation, this type of reservoirs was destroyed and bitumen was left in the high part of the Uplift. The reservoirs are preserved only on the northern slope of the Tazhong Uplift.
The movable oil reservoirs of the middle and upper Ordovician in the Tazhong Uplift experienced two stages of hydrocarbon accumulation: from late Hercynian to early Indosinian and from late Yanshanian to Himalayan (Fig. 3) . The first stage of hydrocarbon accumulation is mainly from late Hercynian to early Indosinian (from Permian to Triassic). The late Caledonian movement had a strong effect on the evolution of the Tazhong Uplift. The early faults were rejuvenated. The mid-eastern part of the Tazhong Uplift and the central fault horst zone were uplifted as a whole. The Silurian, Devonian and the middle-upper Ordovician were denuded significantly on the high part of the Tazhong Uplift and the lower Ordovican was also exposed in a large area. Owing to long time weathering and dissolution, on the lower Ordovician top the burial hill reservoirs were formed, which laid the foundation for the later hydrocarbon accumulation in the lower Ordovician reservoirs. Meanwhile, because the middle Cambrian and lower Ordovician were nearly 3000 m thick, the Cambrian source rocks had reached their peak of generating hydrocarbon at the end of the Ordovician. The maturity of organic matter was about 2.0% R o in the late Hercynian. The source rocks were over-matured and could not supply hydrocarbons for the middle-upper Ordovician movable oil reservoirs. But the source rocks of the middle-upper Ordovician began to enter the stage of hydrocarbon generation (the corresponding homogenization temperature of inclusion is 97 ºC~100 ºC). Once the hydrocarbons were generated, they were bound to charge into the Ordovician reservoirs. But the amount of the hydrocarbon was limited, so the charging was relatively less and the scale of reservoirs was on the small side.
The second stage of hydrocarbon accumulation is from late Yanshanian to Himalayan (from the Cretaceous to the present). The present movable oil mainly came from the re-charging from middle-upper Ordovician source rocks. This period is the most important time for the hydrocarbon generation of the middle-upper Ordovician source rocks in the Tazhong area (the corresponding homogenization temperature of inclusion is 120 ºC~130 ºC). After the deposition and burial of nearly 800~1000 m of the Triassic to Jurassic, the overburden of such strata and the upper Paleozoic, Silurian, and middle-upper Ordovician Sangtamu formation made the lower marlite source rocks of the middle-upper Ordovician generate hydrocarbons again in a significant amount. The middle-upper Ordovician carbonate reservoirs received massive latestage hydrocarbon charging. So reservoirs of a considerable size were formed in the Ordovician, such as the burial hill and weathering crust reservoirs of the middle Ordovician in well TZ 16. The first period of trap formation was the late Ordovician, and then they received the hydrocarbon coming from the underlying strata to form reservoirs. The early Caledonian movement exposed such reservoirs to the surface. The hydrocarbons were oxidized to form bitumen. The primary reservoir beds were improved and fractures and cavities were formed through long time leaching and weathering. After the deposition of the Silurian, the lower mudstone of the Silurian became the favorable cap rock for the underlying burial hill. The trap was formed again and received hydrocarbon charging again after the early Hercynian to form the reservoirs nowadays.
TYPES OF HYDROCARBON ACCUMULATION ZONES
The hydrocarbon accumulation zone is a group of adjoining oil and gas fields that are composed of genetically related, structurally similar traps (Liu and Xu, 1988) . It is a series of genetically related oil and gas fields that have similar conditions of hydrocarbon accumulation in a secondary structural zone (Zhang et al., 1999) .
The formation of a hydrocarbon accumulation zone is the results of the combination of secondary structural zone with source rocks and reservoir bed lithofacies. In carbonate rock, due to the control by reservoir bed heterogeneity and the change in its lithology, a variety of hydrocarbon accumulation zones can be identified. In the same accumulation zone, the same type of reservoirs or similar types of reservoirs are developed.
Due to the diversity of depositional environments and the complexity of carbonate diagenesis, it is difficult to classify the accumulation zones and define the reservoir types. According to the statistics of C & C Reservoirs (1998) database, there are many types of reservoirs distributed in carbonate oil fields around the world. The organic buildup reservoirs are the most important ones, such as the pinnacle reef reservoir in the Rainbow Field in the Alberta Basin in Canada (Schmidt et al., 1985) , and the Tengiz Field in the Pre-Caspian Basin in Kazakhstan (Lomando et al., 1995) . The unconformities and palaeo-weathering crust reservoirs are the second most important ones, such as the R2 carbonate reservoir in the lower Danian in the Aquitaine Basin (France) (Adrian et al., 2003) , and the Rospo Mare Field in the Adriatic Sea Basin in Italy (André and Doulcet, 1991; Soudet et al., 1994) . Therefore, there are different types of hydrocarbon accumulation zones determined by their characteristics of development.
Carbonate reservoirs are widely distributed in the Tazhong Uplift, and a large volume of oil and gas reserves have been discovered. Previous studies identified the carbonate hydrocarbon accumulation zones in this area as the buried hill zone, Tazhong No.1 fault zone (Li et al., 2002) , and karst slope zone (Cheng et al., 2002) . The type defined varies with the basis of classification. According to exploration history, the exploration methods are different in exploring different hydrocarbon accumulation zones. Therefore, classifying the hydrocarbon accumulation zones and analyzing the development characteristics of different reservoirs could be helpful in guiding the exploration of carbonate reservoirs.
According to the present discovery in the Tazhong Uplift, there are such types of reservoirs as buried hill and palaeo-weathering crust, organic buildup, dolomite interior and those formed by deep fluids alteration.
According to the distribution of the reservoir beds favorable for oil and gas accumulation, four types of hydrocarbon accumulation zones can be identified: ? karsted reservoirs; ? reef/bank reservoirs; ? dolomite interior reservoirs ? hydrothermal reservoirs.
The most important condition favorable for hydrocarbon accumulation is the laterally continuous development of reservoir beds in a wide area. Given welldeveloped reservoir beds, for the formation of hydrocarbon accumulation zones abundant oil and gas supply and effective cap rocks are also required. The sedimentary environment and late tectonism are the main controlling factors for the hydrocarbon accumulation zones. The late tectonism resulted in the weathering and dissolution of carbonate rock in a large area and the palaeo-weathering crust was often distributed in bands. Appropriate sedimentary environment assured the development of the reef/bank reservoirs and dolomite interior reservoirs. The organic buildup and skeletal bank were usually deposited parallel to the margin of the continental shelf and were distributed in bands. The dolomite interior reservoirs are characterized by development on the low energy continental shelf and in the slope area. The palaeo-slope developed during the deposition is the favorable area for exploration. The major deep fault brought the hot fluids into the carbonate rocks and altered the reservoir beds near the fault. So the deep fluids alteration reservoir beds were mostly distributed near the major deep fault. They would form hydrocarbon accumulation zones if oil and gas could be supplied.
Karsted reservoirs
The hydrocarbon accumulation zones of buried hill and palaeo-weathering crust were often developed in the ancient uplift areas, which experienced uplifting and subsequent weathering and dissolution. The karsted reservoirs in the Tazhong Uplift are mainly reservoirs related to unconformities which were formed by weathering, erosion, and dissolution of the Ordovician carbonate in the structural high of the Uplift from late Ordovician or early Carboniferous to Jurassic. In contrast to the buried hill reservoirs controlled by structural high, karsted reservoirs often extend along the surface of the weathering crust. Three karst cave layers of weathering crust were developed in the middle and lower Ordovician carbonates in the Tazhong Uplift, which were all products of subaerial weathering in the early Hercynian (Xu et al., 2005) .
Characteristics
The karsted carbonate reservoirs are mainly distributed in the central fault-bounded horst belt, the southern buried hill structural zone, and the area of wells TZ 1-TZ 5 and TZ 48 in the Tazhong Uplift. The reservoirs in the area of wells TZ 1 and TZ 16 also belong to this type.
The dissolution in the weathering crust reservoir often shows vertical zonation, which can be commonly divided into a surface karst zone, a vadose karst zone, and a phreatic karst zone. Development of fractures and cavities was within 200 m below the weathering surface in the aforementioned three zones (Gu, 1999; Yang et al., 2005) . According to the study by Loucks et al. (2004) on the lower Ordovician Ellenburger Group in central Texas, the karst system underwent both mechanical compaction and late fracturing when it was buried, forming a healed collapsed-palaeo-cave system, in which a large number of fractures connected the cave breccias to form a target of hydrocarbon exploration.
Reservoir space
The carbonate reservoir bed of burial hill is composed of two parts in the well TZ 1 of the lower Ordovician. The brecciated dolomite formed by weathering is in the upper part of the Ordovician and silt-sized to fine crystalline dolomite is in the middle and lower parts of the Ordovician. The reservoir space is a composite pore-hole-fracture system. Because of karsting, the dissolution vugs and cavities are the main reservoir space. The fracture is a better migration pathway. This reservoir bed is of fracture-pore type. The vertical and horizontal changes of the reservoir bed are significant and heterogeneity is quite obvious. Dissolution vugs and cavities are distributed vertically in shoestring, forming a typical vadose karst system.
The dissolution and vertical distribution of weathering crust in the middle and upper
Ordovician limestone section are less in well TZ 16 than in well TZ 1, mainly because the former underwent weathering and dissolution for a shorter period of time than well TZ 1. The pore types in the reservoir rocks are mainly pore-fractures, fracture-holes and fracture-pores, and the reservoir space consists mainly of pores, fractures and cavities. Intragranular dissolution porosity is the main pore type in the middle-upper Ordovician carbonate reservoir in the TZ 16 structural belt. Structural fractures are developed relatively well in the well section with oil and gas shows. A quite large cave is developed in the section of 4256.74 ~ 4258.42 m in well TZ 16. The formation of caves is related to the extension of dissolution along the fractures, and the caves are generally distributed near the fractures or extended in the fracture direction (Fig. 4) . The heterogeneity of the reservoir beds is quite significant in the middle-upper Ordovician in the TZ 16 structural belt. The development of reservoir space is related to sedimentary environment, diagenesis, and late tectonic activities. 
Reef/bank reservoirs
The general term "organic buildups" is defined as the laterally discontinuous carbonate deposits predominantly created by organic activities (e.g., reef growth and accumulation of skeletal fragments). A significant depositional topography on the sea floor would be formed as a result of carbonate sedimentation. Consisting of exclusive biotic components, the organic buildups include the isolated buildups (e.g., pinnacle reef, patch reef/reef mound and skeletal bank) and the platform margin buildups.
Characteristics
The organic buildups differ from the surrounding sediments by commonly forming a significant depositional topography, which may include different types of sandy and muddy carbonate sediments, but their main characteristics in terms of exploration are the palaeo-topography resulting from the deposition of skeletal carbonates. Organic buildups have some primary interparticle pore, which is not particularly important, while moldic and vuggy pores are very common. Fractures, karst, intercrystalline pore, and chalky micropore are locally present and can be the important contributors to the formation of good reservoir beds. The size and geometry of the organic buildups vary from large horizontal stratified skeletal bank to patch reef, reef mound tens of meters thick. The depositional settings of the organic buildups include the open continental shelf from the margin of the continental shelf, and the slope into the basin. The organic buildup and the skeletal bank usually run parallel to the margin of the continental shelf and are distributed in bands. divided the upper Jurassic "reef" reservoir in the East Texas Basin into two types: an outboard trend along the distally steepened portion of the ramp and an inboard trend along the salt-deformed portion of the late Jurassic ramp system.
The complexes of organic reef/banks in the carbonate platform of the middle-upper Ordovician are developed in three parts in the Tazhong uplift, including the platform margin, the topographic transform zone, and inside the platform where scattered organic reefs are present (Gu et al., 2005) . The late skeletal reef/bank and early platform margin mud mound and mud bank are developed in the upper Ordovician Lianglitage formation on the northern slope of the Tazhong area (Fig. 5) . In recent years, wells TZ 44 and TZ 45 on the platform margin showed promising prospects for hydrocarbon exploration in the middle-upper Ordovician (Lü and Jin, 2000) .
Reservoir space
Dissolution vug and moldic space are important in an organic buildup reservoir. The primary pore is usually developed in the grain-supported organic buildups. Chalky micropore is present in the mud-rich buildups. Cavernous pore is characteristic of karsted organic buildups (e.g., the West Tebuk Field in Russia, the Kirkuk Field in Iraq, and the Tengiz Field in Kazakhstan). At the same time, half of the organic buildups are affected by faulting, which is important for the alteration of reservoir deliverability.
The middle-upper Ordovician carbonate reservoirs are controlled obviously by the sedimentary facies belt and diagenesis. The northern flank of the Tazhong Uplift controls the sedimentary distribution of the platform margin facies and carbonate reef/banks, which is a high-quality reservoir belt. Along the belt of wells TZ 26, TZ 161, TZ 62, TZ 44, TZ 35 and TZ 45, a number of wells with oil and gas show are located, especially on the outboard belt, which is due to typical carbonate deposition along the margin of continental shelf, including a variety of oolitic/skeletal banks and organic reefs (Fig. 3) . On this belt, apart from the presence of the best primary porosity in the carbonate reservoirs, the primary porosity and residual porosity also tend to be enhanced by secondary porosity. Well TZ 44 is located on the outer band of the continental shelf margin reef/bank system. Burial dissolution is the most important diagenetic process for these carbonate reservoirs. According to the observation of thin sections and cores in the section of 4879.02 ~ 4888.31 m, this type of carbonate is mainly composed of receptaculitid sponge boundstone, sparry gravel fragment limestone, cryptomonas boundstone, and some sponge bafflestone. The dissolution cavities are developed generally in the core samples with relatively uniform diameters, and the predominant medium and large cavities are distributed as irregular patches, bands, and shoestrings along the fractures (Fig. 6) . 
Dolomite interior reservoirs 4.3.1. Characteristics
The dolomite hydrocarbon accumulation zones are characterized by their development in the low-energy continental shelf and the slope area. The palaeo-slope developed during the deposition is the favorable area for exploration (Lü et al., 1999) . The dolomite reservoirs preferentially occur in the tectonic settings related to the craton basins. An extensive peritidal ramp in the craton interior basin is the preferred setting for many reservoirs. For example, Cabin Creek, Elkhorn Ranch, Little Knife Fields in the Williston Basin are actually distributed in the tidal flat environment upon the interior slope of the craton-type basin. Because of the cyclic sedimentation in the continental shelf, the reservoir beds typically occur as sheets and/or layers. In the Ordovician Red River "B" oil reservoir in the southern Williston Basin, typical horizontal laterals are 2 ~ 5 km long and the thickness of the dolomite layer is about 50 ft (Montgomery, 1997) .
In the dolomite reservoirs of the Tazhong area, a large amount of oil and gas have also been discovered. A thick layer of dolomite is developed in the lower part of the lower Ordovician. Except for the dolomite reservoirs related to weathering crust karstification, all the others may be classified as dolomite interior reservoirs. Taking well TZ 162 as an example, the dolomite interior reservoir is an important type for hydrocarbon accumulation, which is composed of the dolomite formed by burial dissolution (Qian and You, 2006) , occurring on the northern slope, especially in the western part of the Tazhong No.1 fault. Well TZ 43 and well Ta Can 1 also came across the same type of reservoirs (Fig. 7) .
Reservoir space
The dolomite interior reservoirs depend significantly on the diagenetic development of intercrystalline porosity, which averages 21 % and can be as high as 35 % in the socalled "marly zone" of the Weyburn and Midale Fields (Sun, 1995) . These reservoirs are characterized by the occurrence of sucrosic dolomite with abundant microintercrystalline pore and have been affected by major unconformity/ karst processes and late burial dissolution.
The lower Ordovician dolomite reservoir in well TZ 162 is a dolomite interior reservoir. Various types of textures, complex origin and changing occurrence of the dolomite make the dolomite reservoirs diverse and complicated. The lithology in the 5932 ~ 6022 m section of the TZ 162 well dolomite interior reservoir is dolomitic limestone, calcareous dolostone, and silt-sized crystalline limestone. The extent of dolomitization increases from top to bottom. By observing the cores, a lot of small pores partially filled by calcite or shale or open pores are found, and at the same time some pinholes are developed relatively well too. In the lower part of the reservoir bed, vertical fractures and diagonal fractures are developed and most of them are filled by calcite. Figure 7 . Characteristics of dolomite in well TZ 43.
The dolomite interior reservoirs of the lower Ordovician are mainly controlled by diagenesis (Wang and Lü, 2004a) . It may be explained by the vaporizing dolomitization and the reflux filter dolomitization models in tidal flat (Li et al., 2007) . The reservoir space of dolomite is made up of mainly intercrystalline pores and dissolution pores. Owing to the quite good development of fractures, the reservoir bed is mainly of fracturepore type. The porosity and permeability of the dolomite reservoir bed are better than those of the limestone of the same age in this area. In the section of 5044.4 ~ 5131.0 m of TC 1 well, the dolomite reservoir bed has a maximum porosity of 2.22 % and a maximum permeability of 30.1 mD (Fig. 8) . First of all, the resistance to compaction and dissolution of dolomite are stronger than those of limestone. So the decrease of porosity with depth in dolomite is less than that in limestone. Secondly, under the same conditions, dolomite tends to generate more fractures than limestone does. Moreover, as for the dolomite when dedolomitization and selective dissolution occur, intercrystalline pore will easily be created along the primary intercrystalline voids. All these factors allow the dolomite reservoir beds to have a high potential of preserving excellent quality. 
Hydrothermal reservoirs
The deep fluids below the basement of the basin went up into the basin through the deep faults and by volcanic activities. Carbonate reservoirs were modified by dissolution and metasomatosis through the exchange of matter and energy (Jin et al., 2001; . Therefore, the porosity and permeability of the carbonate reservoir beds were improved, resulting in deeply buried but modified carbonate reservoir beds . Previous studies have shown that the hydrocarbon accumulation in the Ordovician carbonate reservoirs is controlled mainly by the fracturing structure, sedimentary facies belt, and diagenesis (Lü and Hu, 1997; Gu, 1999; Wu et al., 1999) . So exploration used to be focused on the reservoirs of structural fracture, buried hill karst, and reef mound limestone. Carbon dioxide is a common non-hydrocarbon component in natural gas in the Tazhong area. Wang et al. (2001) and Jin et al. (2002) found that carbon dioxide probably came mainly from the degassing of the basic magma in the Permian. The discovery of the oil and gas reservoir in well TZ 45 made people begin to pay attention to the effect of the deep hot fluids on the formation of fluorite and to understand the alteration of carbonate reservoirs by deep hot fluids.
Characteristics
The studies of cores, outcrops, and deep fluids activities show the existence of the deep fluids altered carbonate reservoir beds in the Tazhong Uplift, which is supported by the finding of fluorite with developed fractures and cavities in well TZ 45, and the Permian igneous rocks in wells TZ 47 and TZ 21 to its south, and well TZ 18 to its southwest. The study by Zhao (2000) shows that the fluorite layer is distributed mainly beneath the limestone, which is in direct contact with the bottom of the limestone and is often underlain by igneous rocks. The boundary between fluorite and limestone is irregular. Some micro-to-fine crystalline limestone fragments are embedded in the fluorite. On the contact between fluorite and limestone, the limestone exhibits low-grade contact metamorphism, forming microcrystalline limestone. The extent of the fluorite layer and its contact relationship with the limestone layer in the Keping-Xikeer area and Well TZ 45 showed that only the hypothermal bittern was not enough to form the fluorite at the limestone soleplate. It was an important clue that igneous rocks were common below the fluorite layer, that is to say, magma degassing might play a part in the formation of fluorite and be an important process. All these showed the effect of the deep fluids brought by volcanic activities on the carbonate reservoir beds (Fig. 9) . Since this type of reservoir was formed by the deep fluids alteration on the carbonate reservoir bed in well TZ 45, Lü et al. (2005) named it the deep fluids alteration type of carbonate reservoir or the corresponding deep fluids-altered reservoir bed.
Reservoir space
Owing to volcanic activities, deep fluids were quite active in the sedimentary basin (Jiao et al., 2009) This type of carbonate reservoir bed was developed in the middle-upper Ordovician Lianglitage formation in well TZ 45. In the upper section of 6034.0~6080.0 m, the reservoir space is mainly composed of microcrack-matrix pores. The pores and fractures are filled with calcite, but the horizontal microcracks are well developed and are connected with the matrix pores in grainstone. In the lower section of 6080.0~6150.0 m, which is rich in fluorite, the reservoir bed type is mainly fracturepore. The structural fractures and the fluorite cleavage cracks intersect with each other, and dissolution voids are developed, resulting in high quality reservoir bed. According to the core analysis from well TZ 45 carbonate reservoir bed (Wang et al., 2004b) , porosity is generally less than 2.0 %, averaging 1.44 %; average permeability is 0.5 mD, indicating that matrix porosity is not developed. The reservoir bed of the middle-upper Ordovician carbonate is mainly secondary pore system, including dissolution pores, dissolution holes and fractures. The dissolution pores and holes are very well developed, especially in the section of 6095.6~6105.1 m, and porosity is up to 3.5 % or more. The core sample is broken, and voids and microfractures are developed to make good connectivity. Most of the fractures and holes are filled with coarse crystalline calcite and fluorite in the fluorite section reservoir bed. Observation under microscope found a lot of micropores in the fluorite encased in limestone (Zhu et al., 2005) . The facial pore rate of micropore is up to 10.0%. The micropores and fractures are developed, and cleavage fractures, intercrystalline vugs and fractures intersect with each other into a network. Structural fractures and intercrystalline vugs also intersect with each other to form a network, thus enhancing significantly the connectivity of reservoir space (Fig. 10) . The main controlling factors of forming high-quality reservoir beds in well TZ 45 are the development of structural fractures and dissolution. According to core analysis and logging data, dissolution occurred along the structural fractures. The fracture-pore system was the result of the dissolution of structural fractures, matching the finequality reservoir beds with the section of well developed fluorite. The high-quality reservoir beds in the section of 6054.7~6155.0 m were developed in a crushed shear zone, in which structural fractures were developed extremely well and were dissolved to form caves, generating a huge system of fractures and cavities. In the fractures and cavities, hot fluids caused replacement and filling to form calcite veins and fluorite veins. The primary reservoir space is composed of residual fractures and cave interstices, neither of which is filled by cement. The secondary space is composed of intercrystalline vugs, cleavage fractures, and redissolution interstices. It is obvious that the reservoir bed with the fluorite formed by deep fluids alteration is the best one in well TZ 45. This is also the key to the formation of oil and gas reservoir.
DISCUSSION AND CONCLUSIONS
The Palaeozoic carbonate reservoir beds developed widely in the Tazhong Uplift experienced multiple times of alteration, and were charged with abundant oil and gas repeatedly. There are two important stages of hydrocarbon accumulation: from late Hercynian to early Indosinian, and from late Yanshanian to Himalayan. Oil and gas were charged into the carbonate reservoirs from source rocks in the Cambrian to lower Ordovician, middle to upper Ordovician. So there could be rich oil and gas reserves in the Paleozoic carbonate rocks in the Tazhong Uplift. Diverse types of carbonate reservoirs are present and a variety of hydrocarbon accumulation zones can be identified. The accumulation zones of karsted reservoirs, reef/bank reservoirs, dolomite interior reservoirs, and hydrothermal reservoirs are the important types in the Tazhong Uplift for hydrocarbon accumulation.
In the Tazhong Uplift, the fracture and cavity systems of karsted reservoirs are well developed. The high-quality reservoir beds are located at about 200 m beneath the weathering surface. The hydrocarbon accumulation zones are often distributed continuously on the slope areas of the Uplift. The slope areas of the Tazhong Uplift are promising targets for the exploration of oil and gas.
The reef/bank reservoirs are well developed in the Tazhong area. Given the sedimentary features of the carbonate platform margin, carbonate reef/bank facies are developed as a favorable area for hydrocarbon accumulation. The mid-late skeletal reef/bank and early platform margin mud mound and mud bank are developed in the upper Ordovician Lianglitage formation on the northern slope of the Tazhong Uplift. Secondary pores formed in the late stage are more important for the reef/bank reservoir bed. Secondary dissolution pores, moldic pores, and fractures formed by faulting are significant factors contribution to quality reservoir beds.
The dolomite interior reservoir is an important type of reservoirs for the exploration of oil and gas in the dolomite, for example, the lower Ordovician dolomite reservoir penetrated by well TZ 162. Such a reservoir is composed of burial genetic dolomite, altered by deep dissolution and is developed on the northern slope of the Tazhong Uplift, especially in the western part of the Tazhong No.1 fault. The reservoir bed is controlled by diagenesis environment. The dolomite reservoir space is mainly composed of intercrystalline pores and dissolution pores, as well as fractures, forming the fracture-pore type reservoir bed.
The dissolution fracture-cavity type reservoir bed related to fluorite in well TZ 45 is the typical model for the hydrothermal reservoirs. As the result of deep fluids alteration, reservoir bed quality is excellent. But its heterogeneity is also significant. The understanding of the development and distribution of such reservoirs depend on the understanding of deep fluids activities. Looking for the common constraint on the limestone and underlying igneous rock is an important factor in predicting the hydrocarbon-rich fluorite layer. The study of the hydrothermal reservoirs indicates that there is good prospect in the Tazhong area, especially in the wide area affected by the Permian volcanism in the western part of the Tazhong No.1 fault. 
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